Secondary metabolites and their biological activities in Indonesian soft coral of the genus Lobophytum  by Putra, Masteria Yunovilsa et al.
HOSTED BY Contents lists available at ScienceDirect
Asian Pac J Trop Biomed 2016; 6(11): 909–913 909Asian Paciﬁc Journal of Tropical Biomedicine
journal homepage: www.elsevier.com/locate/apjtbOriginal article http://dx.doi.org/10.1016/j.apjtb.2016.08.011*Corresponding author: Masteria Yunovilsa Putra, Research Center for Ocean-
ography, Indonesian Institute of Sciences, Jl. Pasir Putih I, Ancol Timur, Jakarta
14430, Indonesia.
Tel: +62 2164713850
E-mail: mast001@lipi.go.id
Foundation Project: Supported by the Coral Reef Rehabilitation and Manage-
ment Program – Coral Triangle Initiative (Grant No. COREMAP CTI-LIPI 2016 No.
10876401/ADB LOAN No. 3094-INO).
Peer review under responsibility of Hainan Medical University. The journal
implements double-blind peer review practiced by specially invited international
editorial board members.
2221-1691/Copyright © 2016 Hainan Medical University. Production and hosting by Elsevier B.V. This is an open access
creativecommons.org/licenses/by-nc-nd/4.0/).Secondary metabolites and their biological activities in Indonesian soft coral of the
genus LobophytumMasteria Yunovilsa Putra1*, Tutik Murniasih1, Respati Tri Swasono2, Joko Tri Wibowo1,
2 2 1Annissa Nur Cahya Saputri , Meilia Rahma Widhiana , Irma Shita Arlyza
1Research Center for Oceanography, Indonesian Institute of Sciences, Jl. Pasir Putih I, Ancol Timur, Jakarta 14430, Indonesia
2Department of Chemistry, Faculty of Mathematics and Natural Sciences, Universitas Gadjah Mada, Sekip Utara, Yogyakarta
55281, IndonesiaARTICLE INFO
Article history:
Received 8 Jan 2016
Received in revised form 15 Feb, 2nd
revised form 12 Jul 2016
Accepted 20 Aug 2016
Available online 14 Sep 2016
Keywords:
Ocean
Indonesia
Natural products
Biological activitiesABSTRACT
Objective: To investigate the antioxidant, antibacterial, antimalarial activities and
cytotoxicity of the n-hexane, ethyl acetate, n-butanol, and aqueous fractions from a crude
extract of Lobophytum sp.
Methods: This organism was collected from the Selayar Islands (South Sulawesi). The
antioxidant activity was performed by the 1,1-diphenyl-2-picryl hydrazyl radical scav-
enging method. All fractions from the crude extract of Lobophytum sp. were examined for
their cytotoxicity using the brine shrimp lethality bioassay and heme polymerization
inhibitory activity assay for antimalarial activity.
Results: It was found that the ethyl acetate, n-butanol and aqueous fractions exhibited
heme polymerization inhibitory activity with IC50 values of 11.7, 14.3 and 12.0 mg/mL,
respectively, while the n-butanol fraction showed moderate antioxidant activity and
cytotoxicity with IC50 values of 150.00 and 92.74 mg/mL, respectively.
Conclusions: This study provides information on antioxidant, antibacterial and antima-
larial activities as well as the cytotoxicity of all fractions from the crude extract of Lobo-
phytum sp. This is a new report of antimalarial substances derived from Lobophytum sp.1. Introduction
Marine organisms are an important source of new bioactive
molecules; thus the scientiﬁc community worldwide is focusing
its efforts on the isolation and characterization of biologically
active natural products [1]. Since the early days of marine natural
products research in the 1960s, sponges and soft corals have
famously yielded the largest number of new metabolites
reported per year compared to any other plant or animal phylum
known from the marine environment [2]. Octocorallia comprises
approximately 3200 species of soft corals (Alcyonacea) foundin all marine environments and 94% of new compounds from
cnidarians were discovered from soft corals or Alcyonacea [3].
Soft corals belonging to the genus Lobophytum (Alcyoniidae)
have been shown to be a rich source of macrocyclic
cembranoids and their cyclized derivatives are commonly
described as defensive substances against predators such as
other corals and ﬁshes. Some of these metabolites are of
considerable interest and merit continuous attention due to their
unique structures and signiﬁcant biological activities, including
anti-tumor, anti-viral, and anti-inﬂammatory properties [4–10].
As part of our continuing research program aimed at the
discovery of bioactive metabolites from marine organisms, we
have recently been studying the chemical composition of marine
invertebrates from the Indonesian coast which is considered to
be one of the richest biodiversity hot spots in the ocean. In this
context, we have started the analysis of a specimen of Lobo-
phytum sp. collected from the Selayar Islands (South Sulawesi)
and examined the antioxidant, antibacterial and antimalarial
activity as well as cytotoxicity of fractions (n-hexane, ethyl
acetate, n-butanol, and water) from the crude extract of Lobo-
phytum sp.article under the CC BY-NC-ND license (http://
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2.1. Chemical and reagents
n-Hexane, ethyl acetate, n-butanol, methanol, dichloro-
methane, and 2,2-diphenyl-1-picrylhydrazyl (DPPH) were pur-
chased from Sigma Chemical Co. (St. Louis, MO, USA).
Butylated hydroxytoluene (BHT) and dimethyl sulfoxide were
purchased from Merck (Kenilworth, NJ, USA). All chemicals
used throughout experiment were analytical grade.
2.2. Animal material
Specimens of Lobophytum sp. (500 g wet weight) were
collected in April 2015 from the Selayar Islands (South Sulawesi)
at a depth of 3 m. Each sample of Lobophytum sp. was rinsed with
sea water and immediately kept in ice. After being sent to the
laboratory, immediate storage in the freezer was necessary to
reduce any possible degradation. A voucher sample of Lobophy-
tum sp. (SLYR SC-001) was deposited at the Research Center for
Oceanography, Indonesian Institute of Sciences.
2.3. Extraction
Colonies of Lobophytum sp. were homogenized and repeat-
edly extracted with methanol: dichloromethane (1:1) at room
temperature and the obtained combined material (10.88 g) was
partitioned with n-hexane (non-polar) (3.4 g), ethyl acetate
(semi-polar) (0.3 g), n-butanol (polar) (0.28 g) and water (6.9 g).
Each fraction was subjected to preliminary phytochemical
screening and tests for heme polymerization inhibitory activity,
antioxidant, cytotoxicity, and antibacterial activity.
2.4. Phytochemical screening
All fractions were subjected to a preliminary phytochemical
screening test for the presence of secondary metabolites utilizing
the standard conventional protocol described by Sengunttuvan
et al. [11].
2.5. DPPH radical scavenging assay
DPPH radical-scavenging activity was determined as
described by Li et al. [12] with some modiﬁcations. All fractions
from the crude extract of Lobophytum sp. were prepared in
different concentrations, ranging from 20 to 200 mg/mL for
each sample and analyzed in triplicate. The methanol solution
of the fraction of the tested sample (500 mL) was added to
DPPH solution (1 mL) in 96-well plate and incubated in the
dark for 30 min. Lower absorbance values were read at 517 nm
using the microplate reader Inﬁnite® 200 PRO (Tecan Austria
GmbH, Gro¨dig, Austria).
The reference standard compound being used was BHT and
the experiment was done in triplicate. The IC50 value of the
sample, which is the concentration of a sample required to 50%
inhibit of the DPPH free radical, was obtained by linear
regression analysis of dose–response curve plotting between %
inhibition and concentrations. The percentage of the DPPH
scavenging effect was calculated using the following equation:
DPPH scavenging effect (%) = (A0 − A1)/A0 × 100where A0 was the absorbance of the control reaction and A1 was
the absorbance in the presence of a test or standard sample.
2.6. Brine shrimp lethality bioassay
The cytotoxic activity of all fractions from the crude extract
was evaluated using the brine shrimp lethality bioassay method
with different concentrations (50, 100, 200 mg/mL) as described
by Ullah et al. [13] with few modiﬁcation. Each concentration
was made in triplicate. The brine shrimp eggs were placed in
1 L of sea water, aerated for 48 h at 37 C to hatch. After
48 h, 10 brine shrimp eggs were placed in a small container
ﬁlled with sea water. The numbers of survivors were counted
after 24 h. Larvae were considered dead if they did not exhibit
any internal or external movement during several seconds of
observation. The larvae did not receive food. To ensure that
the mortality observed in the bioassay could be attributed to
bioactive compounds, and not to starvation, we compared the
dead larvae in each treatment to the dead larvae in the control.
2.7. Heme polymerization inhibitory activity assay
A heme polymerization inhibitory activity assay was con-
ducted using a method developed by Basilico et al. [14] with
some modiﬁcation. A total of 100 mL solution of 1 mmol/L
hematin in 0.2 mol/L NaOH was put into a 96-well micro-
culture plate, and then a 50 mL assay solution with various
concentrations, ranging from 0.3125 to 20 mg/mL, was added
into each well. Glacial acetate acid (50 mL, pH 2.6) was added
to the microculture to initiate a heme polymerization reaction.
The microculture was then incubated at 37 C for 24 h to obtain
perfect polymerization. After the period of incubation, the
microculture was centrifuged and the resulting deposits were
washed three times using 200 mL of dimethyl sulfoxide. The
solution of 0.1 mol/L NaOH (200 mL) was subsequently added
to the deposits in each well of microculture. Absorbance values
were read at 405 nm using a microplate reader, Inﬁnite® 200
PRO (Tecan Austria GmbH, Gro¨dig, Austria). The value of
heme polymerization inhibitory activity was expressed in IC50.
Aquadest and chloroquine diphosphate were used for negative
and positive control, respectively. The percentage inhibition of
heme polymerization was calculated by the formula:
Inhibition (%) = (b-hematin0 − b-hematin1)/b-hematin0 × 100
where b-hematin0 was the concentration of negative control and
b-hematin1 was the concentration of fraction test.
2.8. Antibacterial activity
An antibacterial test was performed using minor modiﬁcation
of the agar diffusion method described by Touati et al. [15].
Brieﬂy, the sample was prepared with a concentration of
100 mg/mL in MeOH. A 20 mL sample was dropped on a
ﬁlter paper disc with 6 mm diameter. The paper disc was then
placed on a Mueller–Hinton agar (Himedia, Mumbai, India) in
a Petri dish that had been inoculated by test bacteria. The test
bacteria used were Escherichia coli ATCC 25922 (E. coli),
Bacillus subtilis ATCC 6633 (B. subtilis), wild-type Vibrio
eltor (V. eltor), and Staphylococcus aureus ATCC 25923
(S. aureus). Inhibition of bacterial growth activity appeared as a
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observed after incubation at 30 C for 20–24 h and then
measured using a caliper. Each sample was tested in triplicate.
2.9. Statistical analysis
All experimental measurements were carried out in triplicate
and are expressed as mean ± SD (n = 3). Results of the research
were tested for statistical signiﬁcance by One-way ANOVA.
Differences were considered statistically signiﬁcant at the
P < 0.05 level. The statistical software package SPSS v.16
(SPSS Inc., Chicago, IL, USA) was used for the analysis.
3. Results
The phytochemical analysis of all fractions from the crude
extract of Lobophytum sp. is presented in Table 1. Fractions
extracted by using different solvents such as n-hexane, ethyl
acetate, n-butanol and water of Lobophytum sp. were evaluated
to detect secondary metabolites. The chemical analysis of all
fractions indicated the presence of alkaloids, steroids, triterpe-
noids, ﬂavonoids, saponins, terpenoids, and phenols. The iden-
tiﬁcation of these chemical constituents showed the medicinal
importance of Lobophytum sp. Terpenoids and steroids were
found in the n-hexane, ethyl acetate and n-butanol fractions.Table 1
Phytochemical analysis of all fractions from the crude extract of Lobo-
phytum sp.
Chemical
constituents
Fractions
n-Hexane n-Butanol Ethyl acetate Aqueous
Alkaloids + − + +
Steroids + + + −
Flavonoids + + + −
Saponins − − + −
Terpenoids + + + −
Phenols + + + −
Tannins − − − −
+: Present; −: Absent.
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Figure 2. Plot of log concentration of four fractions vs. percent of shrimp
mortality after 24 h of exposure (probits).
NH: n-Hexane; EA: Ethyl acetate; NB: n-Butanol; RA: Aqueous.
Table 2
Effect of n-hexane, ethyl acetate, n-butanol and aqueous fraction of the
crude extract of Lobophytum sp. on brine shrimp.
Fraction Concentration
(mg/mL)
Log C Mortality
(%)
Probits LC50
(mg/mL)
n-Hexane 50 1.699 0 0 123.07
100 2.000 73.33 5.61
200 2.301 93.33 6.48
Ethyl acetate 50 1.699 6.67 3.45 109.413.1. DPPH radical scavenging assay
DPPH is a stable free radical and can accept an electron or
hydrogen radical to become a stable diamagnetic molecule. In
the present study, we provided information on the reactivity of
different fractions with a stable free radical. The results of the
free radical scavenging potential of all fractions tested by the
DPPH method are presented in Figure 1. The n-butanol fraction100
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Figure 1. Radical scavenging potential of fractions by DPPH method at
different concentrations.
NH: n-Hexane; EA: Ethyl acetate; NB: n-Butanol; RA: Aqueous.showed the highest DPPH radical scavenging activity
(IC50 = 150.00 mg/mL) compared to other fractions. This assay
provides information on the reactivity of different fractions with
a stable free radical.
3.2. Brine shrimp lethality bioassay
The brine shrimp lethality bioassay was used to predict the
cytotoxic activity of the n-hexane, ethyl acetate, n-butanol and
aqueous fractions from the crude extracts of Lobophytum sp.
Plotting the log of concentration (log C) vs. the percent mortality
(probits) for all test samples showed an approximate linear
correlation (Figure 2). From the graphs, the median lethal con-
centration (LC50), the concentrations at which 50% mortality of
brine shrimp nauplii occurred, were determined. The LC50
values of the n-hexane, ethyl acetate and n-butanol from the
crude extract of Lobophytum sp. (Tables 2 and 3) were found to
be 123.07, 109.41 and 92.74 mg/mL, respectively. The degree of
lethality was directly proportional to the concentration of the
extract. Maximum mortalities (93.33%) were observed at a
concentration of 200 mg/mL in both n-hexane and n-butanol
(Table 2).100 2.000 60.00 5.25
200 2.301 80.00 5.84
n-Butanol 50 1.699 10.00 3.72 92.74
100 2.000 60.00 5.25
200 2.301 93.33 6.48
Aqueous 50 1.699 0 0 0
100 2.000 0 0
200 2.301 0 03.3. Heme polymerization inhibitory activity assay
The ethyl acetate, n-butanol and aqueous fractions exhibited
heme polymerization inhibitory activity with IC50 values of
11.7, 14.3 and 12.0 mg/mL, respectively. When compared with
Table 3
The cytotoxic activity of n-hexane, ethyl acetate, n-butanol and aqueous
fraction on brine shrimp.
Fraction LC50 (mg/mL) Regression equation R
2
n-Hexane 123.07 y = 10.76x − 17.49 0.848
Ethyl acetate 109.41 y = 3.969x − 3.093 0.921
n-Butanol 92.74 y = 4.584x − 4.018 0.996
Aqueous 0 0 0
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the ethyl acetate had a lower value which showed that the ac-
tivity of ethyl acetate on heme polymerization inhibition was
greater than that of chloroquine diphosphate (Figure 3).0.625        1.25        2.5           5           10          200.312 5
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Figure 3. Heme polymerization inhibitory activity assay of fraction from
the crude extract of Lobophytum sp.
CD: Chloroquine diphosphate; NH: n-Hexane; EA: Ethyl acetate; NB: n-
Butanol; RA: Aqueous.3.4. Antibacterial assay
All fractions of Lobophytum sp. had antibacterial activity
against test bacteria from Gram-positive (B. subtilis and
S. aureus) and Gram-negative (E. coli and V. eltor) (Figure 4).
The averages of inhibition activity of all fractions were more
than 10 mm but less than 15 mm. Based on category from
Paudel et al. [16], all fractions of Lobophytum sp. had moderate
antibacterial activity against all tested bacteria.    RA                  NH                     EA                     NB
E. coli V. eltor S. aureus B. subtilis
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Figure 4. Antibacterial assay of fraction from the crude extract of Lobo-
phytum sp.
RA: Aqueous; NH: n-Hexane; EA: Ethyl acetate; NB: n-Butanol.4. Discussion
The chemical analysis of all fractions indicated the presence
of alkaloids, steroids, triterpenoids, ﬂavonoids, saponins, terpe-
noids and phenols. Several reports are available on terpenoids
from the soft coral genus Lobophytum, which exhibited a high
potential for biological activities such as anti-inﬂammatory,
antimicrobial and antiviral activity. Most of the isolated terpe-
noids were diterpenoids or cembranoid compounds [17], which
were found in high concentrations (up to 5% dry weight) in
soft corals and possibly had a chemical defense role against
predators such as ﬁshes as well as microorganisms and other
corals [18,19]. This study also provides information on
antioxidant and antiplasmodium activities as well as the
cytotoxicity of all fractions from the crude extract of
Lobophytum sp.
The DPPH radical scavenging method is the most popular and
widely used method for screening the free radical scavenging
ability of compounds. This assay is sensitive and easy to perform
and offers a rapid way to screen radical scavenging activity
compared to othermethods. DPPH is a stable radical, with a strong
absorptionmaximum at 517 nm (purple color) in the UV spectrum
[20]. The hydrogen atom or electron donation abilities of the
corresponding extracts/fractions were measured from the
bleaching of the purple-colored methanol solution of DPPH [21].
Among all fractions, the n-butanol fraction showed moderate
antioxidant activity with IC50 150.00 mg/mL with radical
scavenging activity. From the LC50 values of brine shrimp
lethality assay, it can be concluded that the n-butanol fraction
has more potent cytotoxic compounds than the other fractions,
with LC50 value 92.74 mg/mL. Moreover, the crude extract or
fractions resulting in LC50 values less than 100 mg/mL were
considered signiﬁcantly active and indicated the presence of
potent bioactive compounds for further investigation. Several
studies have shown that brine shrimp assay has been an
excellent method for preliminary investigations of toxicity,
which could also have positive correlation with antitumor,
trypanocidal and pesticidal activities.
Heme polymerization is a mechanism in releasing Iron II
Ferriprotoporphyrin IX (FPIX) when Plasmodium falciparum
degrades hemoglobin as a source essential of nutrients, which is
free FPIX of a toxic substance. Free FPIX is oxidized to Iron III
(FPIX), then polymerized into inert crystal of hemozoin, a non
toxic malarial pigment. b-Hematin is a polymer identical to
hemozoin, which is chemically indistinguishable from hemo-
zoin, at an acid pH reﬂecting the conditions of the lysosomal
food vacuole [22]. Therefore, the heme polymerization inhibitory
activity of a compound is directly related to its potential as an
antimalarial [14]. Among all fractions, the ethyl acetate and
aqueous fractions were the most active fractions in inhibiting
heme polymerization with IC50 values of 11.7 and 12.0 mg/
mL. According to Baelmans et al. [23], a compound could be
considered to have heme polymerization inhibitory activity if
it has heme polymerization inhibitory IC50 values smaller than
the limit of chloroquine diphosphate (37.5 mmol/L or
12.0 mg/mL). Thus, the ethyl acetate and aqueous fractions
displayed heme polymerization inhibitory activity. This is a
new report of antimalarial activity substances derived from
Lobophytum sp. All fractions of Lobophytum sp. showed
moderate antibacterial activity against E. coli, V. eltor,
B. subtilis, and S. aureus.
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